Identification of trophic factors and transplanted cellular environments that promote CNS axonal regeneration.
As indicated in this review, we have begun to elucidate cellular environments and trophic factors that promote the regeneration of adult mammalian CNS neurons. In the present paradigm, bilateral aspiration lesions of the fornix-fimbria are used to axotomize septal neurons and transect the septal cholinergic projection to the dorsal hippocampus in order to evaluate the influence of trophic factors, such as NGF, on neuronal survival and the ability of cellular transplants of PNS tissue to promote axonal regeneration in vivo. Initial results demonstrate that NGF is a potent trophic molecule that prevents retrograde degeneration of septal cholinergic neurons. Observations from transplantation studies demonstrate that viable Schwann cells obtained from PNS nerve grafts or Schwann cell-ECM cultures provide a favorable cellular milieu for CNS regeneration. These cellular transplants induce a remarkable sprouting response from septal cholinergic neurons and promote the rapid elongation of septal axons that reinnervate the denervated hippocampus. In stark contrast to the Schwann cell-laden transplants, transplants including only ECM channels synthesized by cultured Schwann cells do not promote axonal regeneration within the time periods that we have examined. Therefore, we hypothesize that viable Schwann cells are crucial for the process of regeneration because they contribute both trophic and tropic factors to the injured CNS neurons. The significant early sprouting phenomenon associated with transplants containing Schwann cells strongly suggests that soluble Schwann cell-synthesized factors induce axon elongation and possibly enhance the survival of injured septal neurons. The trophic factors probably function in a manner similar, if not identical, to the action of NGF on axotomized septal neurons. Moreover, Schwann cells appear to provide tropic signals, such as LAM or a LAM-NGF complex, that can act, when in the proper stereoconfiguration, to promote the elongation and orientation of regenerating axons. Thus, our current data indicate that in order to promote optimal axonal regeneration from injured CNS neurons, both trophic and tropic factors must be supplied from exogenous sources.